Are business cycles mainly the result of permanent shocks to productivity? This paper uses a long-run restriction implied by a large class of real-business-cycle models -identifying permanent productivity shocks as shocks to the common stochastic trend in output, consumption, and investment -to provide new evidence on this question. Econometric tests indicate that this common-stochastic-trend / cointegration implication is consistent with postwar U.S. data. However, in systems with nominal variables, the estimates of this common stochastic trend indicate that permanent productivity shocks typically explain less than half of the business-cycle variability in output, consumption, and investment. (JEL
E32, C32)
A central, surprising, and controversial result of some current research on real business cycles is the claim that a common stochastic trend-the cumulative effect of permanent shocks to productivity-underlies the bulk of economic fluctuations. If confirmed, this finding would imply that many other forces have been relatively unimportant over historical business cycles, including the monetary and fiscal policy shocks stressed in traditional macroeconomic analysis. This paper shows that the hypothesis of a common stochastic productivity trend has a set of econometric implications that allows us to test for its presence, measure its importance, and extract estimates of its realized value. Applying these procedures to consumption, investment, and output for the postwar United States, we find results that both support and contradict this claim in the real-businesscycle literature. The U.S. data are consistent with the presence of a common stochastic productivity trend. Such a trend is capable of explaining important components of fluctuations in consumption, investment, and output in a three-variable reduced-form system. However, the common trend's explanatory power drops off sharply when measures of money, the price level, and the nominal interest rate are added to the system. The key implication of the standard real-business-cycle model, that permanent productivity shocks are the dominant source of economic fluctuations, is not supported by these data. Moreover, our empirical results cast doubt on other explanations of the business cycle: estimates of permanent nominal shocks, which are constrained to be neutral in the long run, explain little real activity.
Our econometric methodology can determine the importance of productivity shocks within a wide class of real-business-cycle (RBC) models with permanent productivity disturbances. To explain why this is so, we begin by discussing three features of the research on which our analysis builds. First, there is a long tradition of empirical support for balanced growth in which output, investment, and consumption all display positive trend growth but the consumption: output and investment:output "great ratios" do not (see e.g., Robert Kosobud and Lawrence Klein, 1961). Second, in large part The paper is organized as follows. Section I provides theoretical background and reviews recent work on real business cycles. Section II outlines the empirical model and discusses identification. Sections III and IV present the empirical results. Our conclusions are presented in Section V.
I. Growth and Fluctuations: Theoretical Background
To fix some ideas and notation, this section outlines a simple real-business-cycle model with permanent productivity shocks. The model is of the general class put forward by Fynn Kydland and Edward Prescott (1982) and is detailed in King et al. (1988) . Output, Y, is produced via a constantreturns-to-scale Cobb-Douglas production function:
whe K) ihYt =cAtal stokaNd e where Kt is the capital stock and Nt repre-sents labor input. Total factor productivity, At, follows a logarithmic random walk:
(2) log(At) = /LA +log(At_1) + et where the innovations, {ft}, are independent and identically distributed with a mean of 0 and a variance of o-2. The parameter LtA represents the average rate of growth in productivity; et represents deviations of actual growth from this average. Within the basic neoclassical model with deterministic trends, it is familiar (from Robert Solow [1970] ) that per capita consumption, investment, and output all grow at the rate jLA /0 in steady state.1 The common deterministic trend implies that the great ratios of investment and consumption to output are constant along the steady-state growth path. When uncertainty is added, realizations of et change the forecast of trend productivity equally at all future dates:
Et log(At+s) = Et1(At+s) + et. A positive productivity shock raises the expected longrun growth path: there is a common stochastic trend in the logarithms of consumption, investment, and output. The stochastic trend is log(At)/O, and its growth rate is (kA + et)/0, the analogue of the deterministic model's common growth-rate restriction, LAk/0. With common stochastic trends, the great ratios Ct / Yt and It / Yt become stationary stochastic processes.
These theoretical results have a natural interpretation in terms of cointegration. Let Xt be a vector of the logarithms of output, consumption, and investment at date t, denoted by yt, ct, and it. Each component of Xt is integrated of order one [1(1), or loosely speaking, "nonstationary"] because of the random-walk nature of productivity; yet, the balanced growth implication of the theory implies that the difference between any two elements of Xt is integrated of order zero [I(O) or "stationary"]. In Engle and Granger's (1987) terminology, the two linearly independent cointegrating vectors, a1 = (-11,0)' and a 2 = (-1,0, 1) isolate stationary linear combinations of Xt corresponding to the logarithms of the balancedgrowth great ratios.
In this basic one-sector model and variants of it, the precise dynamic adjustment process to a permanent productivity shock depends on the details of preferences and technology. For example, recent RBC research has studied alterations in the investment technology (time-to-build, adjustment costs, and inventories), the production technology (variable capacity utilization, labor indivisibilities, and employment adjustment costs), preferences (nonseparabilities in leisure and durable consumption goods), and serial correlation in the productivity growth process. Two general properties emerge from these investigations. First, the productivity shock sets off transitional dynamics, as capital is accumulated and the economy moves toward a new steady state. During this transition, work effort and the great ratios change temporarily. Second, there is a common stochastic trend in consumption, investment, and output arising from productivity growth.2 These two properties motivate the econometric theory and empirical research described in the next sections.
In systems that incorporate both real and nominal variables, additional cointegrating 'This follows directly from the economy's commodity resource constraint (Y, = C, + I,), its investment technology (Kt+1 = [1-JKt + It, with 8 being the rate of depreciation), and the fact that the economy's allocation of time between work and leisure must be constant in steady state. 2As one example of how an extension of the basic model preserves the stochastic-trend implication, consider the time-to-build investment technology of Kydland and Prescott (1982 
II. Econometric Methodology
This section provides an overview of the econometric techniques used to answer the questions posed in the Introduction. The first question, concerning the integration and cointegration properties of the data, can be addressed using techniques that are now familiar. This section therefore focuses on the specification of an econometric model in which the trends and their impulse response functions can be identified and estimated.
Let Xt denote an n Xl vector of time series. The individual series are assumed to be I(1) (so that they must be differenced before they are stationary) and to have the Wold representation: where qt is a n X 1 vector of serially uncorrelated structural disturbances with a mean of zero and a covariance matrix St. The reduced form of (6) will be of the form ( has two advantages: first, more macroeconomic variables are used to estimate the common trends, and second, by allowing for a wider range of shocks, a richer set of alternative models is considered.
To introduce nominal shocks, the threevariable real model is augmented by real balances, nominal interst rates, and inflation. The resulting six-variable model has three common stochastic trends, and this makes identification more complicated, since the individual permanent innovations must be sorted out. We use a version of Sims's (1980) procedure for this purpose.
The general identification problem can be described as follows. Identification of the individual elements of il becomes more complicated when there is more than one permanent innovation, because the unique influence of each permanent component needs to be isolated. Formally, while the cointegration restrictions identify the permanent innovations Adl , they fail to identify ill because All = (APXP-li) for any nonsingular matrix P.
The following restrictions are used to identify the model. First, as in the model with k = 1, we assume that il and i2 are uncorrelated. Second, the permanent shocks, lt, are assumed to be mutually uncorrelated. Third, A is assumed to be lower triangular, which permits writing A = AIH, where A is a matrix with no unknown parameters (analogous to the vector of l's in the k = 1 model) and H is a k x k lower triangular matrix. As will become clear in the next section, A can be chosen in a way that associates each shock with a familiar economic mechanism: the first disturbance is interpreted as a balanced-growth shock, the second is a long-run neutral inflation shock and the third is a permanent real-interest-rate shock. Finally, the constrained reduced form is estimated as a VAR with error-correction terms [i.e., a vector error-correction model (VECM)].
III. Empirical Results

A. The Data
The data are quarterly U.S. observations on real aggregate national income account flow variables, the money supply, inflation, and a short-term interest rate. The monthly data were averaged to obtain the quarterly observations. The price deflator was obtained as the ratio of nominal private GNP (the difference between Citibase series GNP and GGE) to real private GNP (the difference between Citibase series GNP82 and GGE82). The interest rate is FYGM3. It is measured as an annual percentage (a typical value is 10.0 percent). Price inflation was also measured as an annual percentage [400ln(P,1/P,_1)]. Output, consumption, investment, and money are determined on a per capita basis using total civilian noninstitutional population (P16).
6Because the techniques and results are now familiar, they are omitted here; interested readers are referred to an earlier version of this paper (King et al., 1987) for details. Table 1 The final panel in Table 1 presents maximum-likelihood estimates of the cointegrating vectors, conditional on the presence of one unit root in the VAR, computed using the dynamic ordinary least-squares (OLS) procedure of Stock and Watson (1989) . The point estimates are close to (1,0, -1) and (0, 1, -1), the values that imply balanced growth in output, consumption, and investment. These balanced-growth restrictions impose two constraints on the cointegrating vectors. In Table 1 , these restrictions are tested using a Wald statistic based on the dynamic OLS point estimates and standard errors; under the null hypothesis, this statistic has an asymptotic chi-square distribution with two degrees of freedom. Although the restriction is rejected at the 10-percent (but not the 5-percent) level, the estimated cointegrating vector is broadly consistent with the balanced-growth prediction.8 Table 2 explores two sets of cointegrating relations suggested by the nonstationarity of the nominal and real interest rates. Table  2A reports an estimated cointegrating relation between real balances, output, and nominal interest rates.9 The estimate of the long-run income elasticity is close to unity (although statistically significantly larger than 1); the estimated interest rate semielasticity is small but statistically significantly less than zero. 7The multivariate unit-root tests in Tables 1-3 The log likelihoods provided in Table 1 
Notes: Values in parentheses are P values (for the test statistics) or standard errors (for the estimators). The cointegrating vectors (i)-(iii) were estimated by dynamic OLS (with five leads and five lags), including a constant in the regression, equation-by-equation. The qf and J tests are computed using demeaned data (see footnote 7). The
Wald statistic, which tests whether the cointegrating vectors lie in the hypothesized subspace, is computed using the dynamic OLS estimates and standard errors described in footnote 8. Table 2 is the possibility that the consumption:output and investment:output ratios might exhibit permanent shifts resulting from permanent shifts in real rates. Estimated bivariate cointegrating relations (c -y) = 0 (R -A p) and (i-y) = 02(R-Ap) are shown in Table  2B . As predicted by the long-run theory of the growth model, for example, a higher real interest rate lowers the share of product going into investment and, symmetrically, raises the share of consumption. However, the long-run effects are imprecisely estimated and small: a permanent increase in the annual real rate of one percentage point is associated with an increase in the consumption:output ratio of 0.3 percentage points.
The second issue examined in
The cointegration properties of the sixvariable system (y, c, i, m -p, R, A p) are investigated in Table 3 . The theoretical analysis suggests three stochastic trends in the system: a balanced-growth trend, an inflation/money-growth trend and, possibly, a real-interest-rate stochastic trend. Equivalently, three cointegrating relations should be present in the system: two (interest-rateadjusted) balanced-growth relations and a long-run money-demand relation. The qf(6,3) statistic reported at the bottom of Table 3A provides some evidence for the three-trend specification, rejecting six unit roots against three with a P value of 0.11. The Wald tests in Table 3B investigate various hypotheses about the cointegrating vectors, under the maintained hypothesis that the number of cointegrating vectors is correctly specified. The first hypothesis (Table 3B , row 1) is that the cointegrating vectors are the balanced-growth and money-demand cointegrating vectors. This hypothesis is rejected at the 10-percent level but not at the 5-percent level. Despite this formal rejection at the 10-percent level, we interpret the balanced-growth/moneydemand cointegrating restrictions as providing a good qualitative description of the cointegrating vectors for the system. The remaining lines of Table 3B investigate alternative cointegration restrictions. There is strong evidence against a fourth cointegrating vector implying stationary real rates (line 2) and against the stationary velocity model, even permitting cointegration between the great ratios and real rates (line 4). The evidence is weakest against the hypothesis that the great ratios and real rates are cointegrated, combined with the money-demand cointegrating vector (line 3).10 Taken together, these results suggest that a money-demand cointegrating relation is consistent with the observed behavior of the time-series. There is some evidence that the shares of consumption and investment move with permanent shifts in the real rate. Yet, this effect is negligibly small in the long run, and the hypothesis of "balanced growth" also appears to be generally consistent with the data.
C. A Three-Variable System of Real Flow Variables
The results for the three-variable system are based on an estimated VECM using eight lags of the first differences of y, c, and i with an intercept and the two theoretical error-correction terms, c -y and i -y. The 10To check robustness, the cointegrating vectors in Tables 1, 2 A. o i . .,, -,,,,,,,,,,,,,,,,, Table 2 . The permanent components and their impulse responses are identified by specifying a structure for the matrix of long-run multipliers. In the notation of Section II, with Xt = (y, c, i, m -p, R, p) ', the particular structure adopted is: The 6 x 3 matrix A is the matrix of long-run multipliers from the three permanent shocks. In the notation of Section II, the two matrices on the right-hand side of (8) are A and H[, respectively. Our interpretation of the shocks follows from the structure placed on the long-run multipliers in (8). The first shock is a realbalanced-growth shock, since it leads to a unit long-run increase in y, c, and i. Through the money-demand relation, it also leads to a By increase in real balances. The second shock is a neutral inflation shock. It has no long-run effect on y, c, or i and has a unit long-run effect on inflation and nominal interest rates. Further, the unit increase in nominal interest rates arising from this shock leads to reduction of real balances of ,R.
The final permanent shock is a realinterest-rate shock. A one-unit increase in this shock leads to a change of f1 and O2 in c -y and i -y. There is also a one-unit increase in nominal interest rates and a decrease of fR in real balances. The coefficients in H are determined by the requirement that the permanent innovations are mutually uncorrelated. In the standard VAR terminology, following Sims (1980) , the balanced-growth disturbance is ordered first, the inflation disturbance is second, and the real-rate shock is third. The model is estimated using a VECM with eight lags and the three error-correction terms implied by the cointegrating relations. Table 5 Figure 4 shows the responses of the variables to one-standard-deviation impulses in the balanced-growth shock, the inflation shock, and the real-interest-rate shock. The estimated standard deviations of these underlying shocks are, respectively, 0.7 percent, 0.08 percent, and 0.12 percent per quarter. The response of output to the balanced-growth shock is negligible over the first few quarters, while consumption increases slightly and investment declines. After one year, major increases in output, consumption, and investment are present. While these responses are smaller than those in the three-variable model, they conform to how one might think a system would respond to news about technological developments. The inflation shock has very little impact on output and consumption. Investment, on the other hand, shows a large positive response to this shock for the first three quarters.
We have already noted that the realinterest-rate shock plays an important role in explaining the short-run behavior of output and investment. The impulse response functions make interpreting this shock as a permanent change in the real rate of interest somewhat difficult. All three of the real flow variables have an initial response to this shock that is strongly positive, before turning negative after 2-3 quarters. While there may be economic models that predict such responses to a permanent change in the real rate, standard ones do not.
We draw four conclusions from this analysis. First, permanent innovations account for a substantial fraction of transitory economic fluctuations. Second, the balanced- Notes: The estimation period denotes the sample used to estimate the VECM, with earlier data used for initial conditions for the lags. The Wald statistics, which test the hypothesis that the true cointegrating subspace is spanned by the hypothesized cointegrating vectors or, equivalently, that it is orthogonal to the A matrix, are computed using the dynamic OLS estimates and standard errors described in footnote 8.
growth factor retains a significant role in explaining movements at horizons greater than two years, although it has considerably less explanatory power in the six-variable system than in the three-variable system. Third, a large fraction of the short-run (0-2 year) variability in output and investment is explained by a factor that is related to persistent movements in the real rate of interest. Fourth, the impulse response functions appear to be consistent with the interpretation of the first shock as a real or balancedgrowth shock, but lead us to be uncertain about the interpretation of the third, realrate shock, at least within the context of standard macroeconomic models.
E. Sensitivity Analysis
It is important to explore the sensitivity of these main conclusions to changes in cointegrating vectors and changes in the ordering of the permanent components: we do this by estimating a variety of five-and six-variable models. To save space, we focus on a key measure, the fraction of the variance of the three-year-ahead forecast error in each variable explained by the balanced-growth permanent innovation. The results, summarized in Table 6, suggest four In the neoclassical growth framework of Section I, the common long-run movements in aggregate variables arise from changes in productivity. Is there any evidence that productivity movements are related to innovations in the balanced-growth component of GNP? We investigate this by comparing these estimated innovations to a popular estimate of the change in total factor productivity in the economy, Solow's (1957) residual. If the economy can be described by a Cobb-Douglas production function-as in the theoretical model of Section I-the Solow residual has the convenient interpretation of being exactly ( The only restrictions that the structural model places on the reduced form are the cointegration restrictions. This implies that efficient estimates of the structural model can be calculated in two steps: first, the reduced form is estimated imposing only the cointegration restrictions, and second, this estimated reduced form is transformed into the structural model using the relations given above. In all models reported in this paper, the reduced form was parameterized as a VECM (a cointegrated VAR). The estimated VECM was inverted to yield an estimate of the moving-average representation of the reduced form in (Al).
